Introduction
Tumor hypoxia arises when solid tumor expands too rapidly without a concomitant expansion of the supporting vasculature (1) . Tumor hypoxia induces resistance to anti-cancer therapeutics, angiogenesis, genomic instability, invasion/metastasis and overall poor clinical outcome (2, 3) . Given its importance in tumor development, the molecular pathways perturbed by tumor hypoxia are considered attractive targets to be exploited in oncology (4) .
Extensive laboratory studies and clinical data have shown that hypoxic conditions contribute to therapeutic resistance in radiotherapy and limit the response of tumor cells to radiation therapy (5) (6) (7) . DNA damage by irradiation is kept from repair with the presence of oxygen, but it can be repaired by hydrogen without oxygen under hypoxia and thus leads to increased radioresistance (7) . Other biological molecules have also been reported to be involved in the radioresistance in tumor cells under hypoxic conditions (8) . A major cellular response to hypoxia is the activation of hypoxia induced factor 1 (HIF-1), a transcription factor, which has been implicated in the regulation of tumor radiosensitivity (9) . HIF-1a expression in uterine cervical cancer tissues positively correlates with the adverse effects of radiotherapy, and its expression in cervical cancer after radiotherapy is associated with increased risk for tumor-related death (10, 11) . DNA repair pathways are vital for cellular protection against radiation. Recent studies showed that the activation of DNA repair pathways in some tumors contributed to intrinsic resistance to radiotherapy (12, 13) . However, several reports have demonstrated that hypoxia induces the repression of DNA repairing genes at the mRNA level, for example, RAD51, BRCA1/2, XRCC3/4, Ku70 and Ligase IV, but the changes in mRNA level do not always correlate with a subsequent decrease in protein level (14) (15) (16) (17) . These data thus highlight the importance of determining whether some of functional consequences of hypoxia were mediated by DNA repair proteins.
Laboratory and clinical studies have also indicated that tumor hypoxia has also been implicated in enhancing tumor cell metastatic potential (3, (18) (19) (20) (21) (22) . Metastasis is the major characteristics of malignant tumors and the main cause for cancer-related mortalities. As such, there have been major efforts to elucidate the molecular mechanisms underlying the distinct steps of cancer metastasis (23) (24) (25) (26) . Some key molecules, such as adhesion molecules and MMPs, play important role in cancer cell metastasis (27) . It was reported that HIF-1 modulates the expression level of proteins, such as MMPs, plasminogen activator inhibitor (PAI-1), tissue factors, CapG, S100A4, filamentation 1, cadherin and integrin alpha 5 (2, (28) (29) (30) , which play important roles in regulating the invasion or metastatic potential of tumor cells.
Hypoxia is now a well recognized cause of radioresistance and metastasis but its precise role in these processes is still poorly defined (24, 31) . A better understanding of the mechanisms behind this pathophysiology will lead to a more specific and efficient therapeutic outcome. The knowledge of hypoxia-regulated proteins from proteomic investigation will provide a better and global understanding of the molecular pathways perturbed by hypoxic tumour and give rise to novel biological insights and concepts for exploiting this factor (7) .
Proteomic studies to elucidate the molecular events elicited by hypoxic stress (3, 3234) are less extensive and have, to date been limited to the use of 2-DE based methods (35) .
To further our proteomic knowledge of hypoxia-induced tumor evolution, shotgun based iTRAQ quantitative proteomics, which provides a global assessment of the proteins modulated, was used to analyze the cellular proteome changes of A431 epithelial carcinoma cells induced by hypoxia and reoxygenation. More than 4,300 proteins with unused Protscore ≥1.68 and FDR<1% were identified, in which over 1,200 proteins were significantly modulated by hypoxia (Supplemental Table S1 ).
Further analysis of the quantitative proteomics dataset indicated that DNA repair, glycolysis, integrin, glycoprotein turnover, and STAT1 pathways were perturbed by hypoxia. Most of them as listed in Supplemental Table S2 were confirmed and validated using WB or LC-MS/MS-MRM methods. Functional studies revealed the roles of the glycolysis, integrin, glycoprotein synthesis and STAT1 pathways in hypoxia-induced cancer metastasis.
Experimental Procedures

Chemicals and Reagents
All reagents were purchased from Sigma Chemical Co. (St. Louis, MO) unless otherwise specified. Antibody against integrin alpha 5 was purchased from Millipore (Billerica, MA). Anti-STAT1 and anti-STAT1 (pS727) were purchased from BD Biosciences Pharmingen (San Jose, CA) and Cell Signaling (Danvers, MA), respectively. Anti-Ku70, Ku80, ITGB1, 1-Deoxynojirimycin Hydrochloride (1-DJ) was purchased from Santa Cruz (Santa Cruz, CA).
Cell culture and hypoxic condition
The A431 epithelial carcinoma cells were purchased from ATCC and maintained in DMEM with 10% FBS. For all experiments, 2 X 10 6 cells were seeded on 10cm dishes in DMEM and incubated under 5% CO2 at 37°C. Upon reaching 30-40% confluency, the cells were washed with 1X PBS for three times and serum-free media for three times before incubating in serum-free media. They were subjected to normoxia (Nx: 21% O2/5% CO2) for 72 hr or hypoxia (Hx: <0.1% O2/5% CO2) in a hypoxia chamber for 36 hr or 72 hr. For Reoxygenation (ReOx), the cells were exposed to Hx for 48 h, changed to a fresh medium, and then exposed to Nx condition for an additional 24 h. At least five independent biological replicates were pooled for the analyzed sample in each condition.
Sample Preparation, iTRAQ Labeling, and LC-MS
The cellular proteins were dissolved in 8M urea in 50mM TEAB (pH 8.5) solution with protease inhibitor cocktail (1:50). Protein concentrations were measured using BCA assay. 200µg of proteins from each condition were reduced with 5 mM TCEP at 30°C for 1 hr, alkylated with 10 mM MMTS at room temperature, in the dark for 45
mins. The samples were diluted to 1M urea using 50 mM TEAB and digested by trypsin in a 1:50 mass ratio at 37°C overnight. The solution containing tryptic peptides was adjusted to pH 2-3 with TFA and desalted using Sep-Pak C18 cartridge (Waters).
The peptides were dried using speedvac concentrator and, dissolved in 1M TEAB (pH 8.5) and labeled with the isobaric tags (Applied Biosystems, Foster City, CA)
according to manufacturer's protocol as followed: the Nx-treated sample was labeled with 114; the samples under Hx for 36 hr or 72 hr were labeled with 115 or 116 respectively; and the ReOx-treated sample was labeled with 117.
The labeled sample was fractionated by a PolySULFOETHYL A column (PolyLC, Columbia, MD; 4.6 ×200 mm, 5µm particle size, 200-Å pore size) using Shimadzu
Prominence UFLC system (Kyoto, Japan). Fractionation was performed with a 60-min linear gradient of 0-500 mM KCl (10 mM KH2PO4, pH 3.0, 25% acetonitrile) at a flow rate of 1 ml/min. A total of 25 fractions were collected and desalted using Sep-Pak C18 cartridges (Waters). Each fraction was dried and reconstituted in 30µl 3% ACN and 0.1% formic acid for LC-MS/MS analysis. All fractions were analyzed using a QSTAR Elite mass spectrophotometer coupled with an on-line Tempo nano-MDLC system. The sample was injected twice. For each injection, 15µl iTRAQ labeled peptide mixture was injected and separated on a home-packed nanobored C18 column with a picofrit nanospray tip (75µm inner diameter×15 cm, 5µm particles) (New Objectives, Woburn, MA). The detailed parameters were set as previous described (3).
Database Searching and Criteria
Protein identification and quantification were performed using ProteinPilot TM software 2.0.1 with Revision number 67476 (Applied Biosystems) by searching the combined raw data from the two runs of labeled sample against the concatenated "target" Table S2 .
Semi-quantitative RT-PCR and Western blotting
Total cellular mRNAs were isolated using TRIzol reagent (Invitrogen, Carlsbad, CA)
according to the manufacturer's instructions. cDNA was reversely transcribed from 2 jig total RNA in a final volume of 20 jil using RTase (Promega, Madison, WI, USA).
Primer sequences were listed in Supplemental Proteins were then transferred to nitrocellulose membrane and immunoblotted using antibodies against STAT1, p-STAT1, Ku70, Ku80, ITGA5 and ITGB1 respectively.
The probe proteins were detected with Invitrogen ECL system according to the manufacturer's instructions.
Dynamic MRM quantification
The same amount of proteins from both normoxic and hypoxic A431 cells were 
Construction and transfection of STAT1a expression vectors
The full length of STAT1a was obtained from A431 cDNA library prepared as described above using PCR. The primer information is listed in Supplemental Table   S3 . Cells were then selected with standard medium with 1mg/ml G418. 2-3 weeks later, the monoclones were picked up and further cultured in medium with 0.5mg/ml G418.
The positive clones were confirmed by WB using anti-Flag, STAT1 and phospho-STAT1 antibodies.
Cell proliferation and cell adhesion assay
24-well plates were coated with 5 μg/ml fibronectin in PBS. Uncoated wells were incubated with 0.5 % BSA in DMEM to serve as negative control. Cells were trypsinized and seeded into coated 24-well dish at a density of 2.5 X 10 5 live cells.
After incubation for 20 mins to an hour at 37°C, the detached cells were removed by serum-free medium and attached cells were fixed with 95% ethanol for 10 mins and stained with 0.5% crystal violet for 25 mins. The plate was reimmersed in deionised water to remove excess dye and then allowed to air-dry for 5 to 10 mins. The adherent cells were photoed by optical microscopy under 100 x magnification and a total of 200 µl of 0.5% Triton X-100 was added to each well to solubilize the cells overnight at room temperature. The absorbance was measured at OD595 using a microplate reader (Tecan Magellan TM , Männedorf, Switzerland). Cell proliferation was assessed by the ability to exclude 5 mg/ml MTT in PBS for 2 h. MTT uptake was quantified at A540nm, reference A630nm after solubulization in DMSO.
Cell staining
To 
Metabolite analysis
For A431 cell metabolite extraction, MeOH/H2O (80:20) solution was used as described in published paper because the solution had been proved to be a more suitable extraction solvent (36) . Briefly, after the same amount of A431 cells were treated with or without 2-DG or hypoxia, the growth medium was discarded and cells were rapidly washed three times with cold PBS followed by adding cold MeOH/H2O (80:20) , which caused protein precipitation and hence cell disruption. Wells were then lightly scraped with a rubber tipped cell scraper. The dishes were washed two times with MeOH/ H2O solution and the wash and the extract solution were combined for centrifuging at 4 °C and 5,725×g for 5 min. The supernatant was collected for dry. All steps were performed on ice. The metabolites were solved in 0.1% FA for ESI-Q-TOF analysis. Metabolite levels were normalized to protein content in the pellet after metabolite extraction, which was determined by the 2D-Quant Kit (GE Healthcare, Munich, Germany) (36, 37) .
The same amount of metabolites normalized with protein level was directly injected to mass spectrometer with 10µL/min flow. Negative-ion mode electrospray mass spectra were obtained using an Accurate-Mass Q-TOF LC/MS 6530 (Agilent Technologies).
Spray voltage was −1.0kV and the capillary temperature was set to 185 °C. Spectra 
Statistical analysis
The measurements were expressed as mean ± SD. The paired t-test was used for statistical analysis between two groups. Significant level was set at p < 0.05.
Results and Discussion
Proteomic analysis of Normoxic, Hypoxic and Reoxygenated A431 cell lysate
The iTRAQ reagent labeled peptides were quantitatively profiled by LC-MS/MS platform was used to analyze the data to reveal the molecular and cellular functions and canonical pathways induced by hypoxia stress. All the proteins listed in Supplemental Table S1 were used for IPA. The up-regulated and down-regulated proteins were analyzed separately, and thus these proteins were mapped to different function, pathway and toxic lists. The summary of IPA was listed in Supplemental Figure S2 and Supplemental Table S2 ). The proteins mapped to STAT1 (down-regulated pathway) and N-glycosylation degradation (upregulated pathway) were illuminated in Supplemental Figure S3 .
Hypoxia activated A431 NHEJ pathway in DNA repair
Ionizing radiation causes cell death primarily by DNA double strand breaks (DSBs).
The two main pathways involved in the repair of DSBs are homologous recombination (HR) and nonhomologous end-joining (NHEJ) pathways. Of the two, NHEJ pathway generally considered to be an error prone pathway is the dominant repair pathway in radiation-induced DNA damage (38) . Our iTRAQ data showed that hypoxia substantially increased A431 proteins involved in DNA repair, especially those responsible for DSB repair in the NHEJ pathway (Fig. 1A) . When DNA DSBs however, the results were not further validated (38) . Our quantitative proteomic data for the first time showed that hypoxia increased most components of the NHEJ pathways in A431. As these components have been implicated in mediating ionizing radiation resistance, our data also provided a possible molecular mechanism for hypoxia-induced radiation resistance.
Hypoxia induced cell migration through metabolic switch from TCA cycle to glycolytic pathway
It has been well known that tumor cells exhibit increased rates of glucose uptake and glycolysis (47) . Increased glycolysis in tumor cells is regarded as an effect of intratumoral hypoxia. Under hypoxic conditions, cells switch their form of glucose metabolism from the oxygen-dependent tricarboxylic acid (TCA) cycle to glycolysis, an oxygen-independent metabolic pathway. HIF-1 has been shown to activate transcription of genes that encode glucose transporters GLUT1, GLUT3 and all glycolytic enzymes (2, 48) . In our iTRAQ data, the enzymes that catalyze the four steps in glycolysis pathway, hexokinase(HK), glucose 6-phosphate isomerase(G6PI), fructose-bisphosphate aldolase (ALDOA and FBPA) and biphosphoglycerate kinase (PGK) were all found to be up-regulated after hypoxia. The enzyme that regulates pyruvic acid efflux, lactate dehygrogenase A (LDHA), was also significantly upregulated under hypoxia ( Fig. 2A) . Surprisingly, enzymes that are involved in the TCA cycle such as pyruvate dehydrogenase (PDHB), citrate synthase (CS), isocitrate degydrogenase (IDH2), a-ketoglutarate dehydrogenase (DHTKD1), fumarase (FH), malate dehydrogenase(MDH1) and pyruvate carboxylase (PC) were down-regulated under hypoxia (Fig. 2B) . LC-MS/MS-MRM analysis results showed that the enzymes of HK, ALDOA, PGK1 and GPI in glycolysis pathway were also found obviously upregulated as detected by iTRAQ analysis under hypoxia (Supplemental Table S4 ).
Increased glycolysis has been associated with tumor invasiveness, metastasis and/or resistance to therapies (49 Fig. 2A) would enhance continuous glycolysis. In addition to MCT1, glucose transporter SLC2A1 (GLUT1) was also found up-regulated in iTRAQ and MRM quantification results ( Fig. 2A and Supplemental Table S4 ). Since downregulation of GLUT1 inhibits cellular glucose uptake, growth, and invasiveness of MG63 cells (52) , its up-regulation under hypoxia would enhance cellular glucose uptake, growth, and invasiveness. Based on these data, we hypothesized that cells increased proteins that will enhance glycolysis and promote metastasis during hypoxia. S4B ). FBP level in normoxic and hypoxic A431 was also detected using the same method. This glycolysis metabolite in hypoxia sample is up-regulated compared with normoxia sample even with a lower TIC in hypoxia sample during MS analysis (Supplemental Fig. S4C and D) . Supplemental 
2-Deoxy
Hypoxia induced overexpression of intergrins and their ligands: implication for increased metastasis
Integrins, a major family of adhesion proteins, are involved in numerous physiological and pathological processes, including inflammation, wound repair, proliferation, differentiation and apoptosis (55, 56) . In particular, they play a crucial role in metastasis. It is well established that fibronectin-integrin complexes played direct and indirect roles in signaling pathways that are involved in adhesion, migration, apoptosis, and growth (57) . Expression of fibronectins and integrins are up-regulated in migratory cells in promoting of cell migration (58) . Each integrin is composed of 2 subunits, namely α and β subunits. 18α and 8β integrin subunits assemble into 24 distinct receptors in mammals (59) . Our iTRAQ data revealed the up-regulation of several integrin subunits under hypoxic conditions. The changes were partially reversed by reoxygenation (Fig. 3A) . ITGα5β1 is one of the important integrin molecules. The increase expression of ITGA5 and ITGB1 subunits under hypoxia was validated by WB and LC-MS/MS-MRM methods ( Fig. 3B and Supplemental Table S4 ). Both results clearly showed that hypoxia induced the expression of the two subunits. Cell staining results not only showed the up-regulation of ITGA5 but also their recruitment to the plasma membrane under hypoxic
conditions. ITGA5 appears to be evenly distributed in the normoxic A431 cells, whereas it has been observed to reside in the plasma membrane of both hypoxic and reoxygenated cells (Fig. 3C) . LC-MS/MS-MRM experiment also confirmed upregulation of other integrin molecules (ITGA3, ITGA6 and ITGB4) in A431 cells under hypoxia, indicating hypoxia may increase cell adhesion (Supplemental Table   S4 ). We thus examined the adhesion ability of A431 cells on matrix-coated dishes after pre-exposure to hypoxia. The adhesion assay proved that hypoxia induces increased adhesiveness of A431 cells pre-exposed to hypoxia within 20 mins of seeding onto the fibronectin-coated dishes (Fig. 3D) . The adhesion of the hypoxic and reoxygenated cells to fibronectin is approximately 134.5 ± 4.2% and 121.4 ±5.5% of that of normoxic cells, respectively (Fig. 3E) . This increase in cell adhesion was consistent with the increase of several integrin molecules and ITGA5 recruitment to the plasma membrane. It has been reported that up-regulation of ITGA5 and fibronectin mediated by hypoxia, is responsible for the increased invasiveness of cancer cells (60) . In hypoxia, the loss of E-cadherin leads to the up-regulation of ITGA5, resulting in the increased migration of extravillous trophoblast cells during early implantation (29) .
Integrins have a wide binding range to matrix proteins, which include laminin, fibronectin, trombospondin, vitronectin and the various types of collagen (61) . The cell adhesion ligands including several lamimin and collagen subunits were also found to be up-regulated under hypoxia (Fig. 3F ). Hypoxia induced factor 1 (HIF-1a) directly regulates the promoter activity of laminin a3 chain of laminin-332 (formerly laminin-5) and contributes to the migration of keratinocyte by increasing the expression of laminin-332 (62).
Hypoxia induced higher turnover rates of glycoproteins
Glycoproteins play important roles in a wide range of biological events, including respectively, were found to undergo similar change pattern during hypoxia and reoxgenation (Fig. 4B) .
We speculated that the quantitative changes in glycosylation enzymes during hypoxia would affect glycoproteome and that this change would be associated with cell metastasis because of the important roles of glycoproteins in tumor cell metastasis. 1-Deoxynojirimycin (1-DJ), an analogue of glucose that contains an NH group substituting for the oxygen atom of the pyranose ring, inhibits Golgi alpha-glucosidase and thus inhibits glycoprotein synthesis. This drug was used to treat A431 and perturb the glycoprotein-turnover under hypoxia. Short term drug treatment (20h) exhibited no prominent effect upon cell migration in scratch assay and this result also was supported by the reported data (66) . However, once A431 cells were treated with 100µM 1-DJ for 48h, the cells displayed slower migration than non-treated cells under hypoxia (Fig. 4C) . The migration into wound of A431 cells treated by 100 µM 1-DJ is only 72.3% ± 12.6% of that of control cells (Fig. 4E) . The lectin binding result showed that the synthesis of glycoproteins in A431 was inhibited after 1-DJ and hypoxia treatment (Fig. 4D ). These data indicate that hypoxia contributes to A431 enhanced migration by increasing glycoprotein synthesis and modulating glycoprotein turnover.
Hypoxia promoted A431 migration by suppression of STAT1 pathway
Thus far, studies determining the influence of hypoxia on protein expressions have been restricted to proteins with enhanced expressions. Only a few studies have been done on proteins whose expression is down-regulated by hypoxia (35) . STAT1, the first described member of the STAT transcription factor family, is the master transcription factor for IFN-related intracellular signaling (67) . STAT1 has two isoforms, STAT1a and STAT13. The 3 isoform lacks the 38 residues encompassing the transcription activation domain at C-terminal and is transcriptionally inactive (68).
STAT1a is phosphorylated by JAK1/2 kinases at the Tyr701 position and then translocates to the nucleus where it binds to GAS (IFNc-activated sequence) promoter elements, thereby activating several hundred genes (69) . Phosphorylation of STAT1a at S727 is essential for activating transcription of target genes and interaction with proteins, such as BRCA1 and MCM-5, potentiating STAT1-mediated transcription (70) (71) (72) (73) .
STAT1 and its downstream proteins (MX1, IFIT1, IFIT3, ISG15 and PSMB8) were significantly down-regulated under hypoxia as reflected in our proteomic data (Fig.   5A ), the suppression of STAT1, PSMB8 and IFIT1 was confirmed by MRM quantification (Supplemental Table S4 ). The significant decline of total STAT1 was further confirmed by WB experiment. The active isoform of STAT1 was also shown to be highly suppressed by hypoxia because the anti-pSTAT1(S727) only recognizes STAT1a isoform with transcriptional activity (Fig. 5B) . The mRNA level changes of STAT1a detected by its specific primers and its downstream genes were validated by RT-PCR. In order to get more evidence of STAT1 functions under hypoxia, two A431 stable cell lines with STAT1a overexpression were screened for further studies. The human cDNA of STAT1a was inserted into p3xFLAG-CMV-10 expression vector and transfected into A431. G418 was used to screen the cell line stably overexpressing STAT1a. The positive clones were confirmed by WB using anti-FLAG and STAT1
antibodies. When compared with the control cell line transfected with empty p3xFLAG-CMV-10, FLAG-STAT1 was only detected in the STAT1a stable cell lines (A431-p3XFLAG-ST1a-1 and 2). The stable cell lines also showed higher expression level of STAT1 and phosphorylated STAT1a, in which A431-p3XFLAG-ST1a-2 has a higher expression of STAT1a than A431-p3XFLAG-ST1a-1 (Fig. 5D) . RT-PCR results showed up-regulation of STAT1 downstream genes (Fig. 5E ). In summary, the results highly suggest that the stable cell lines with more active STAT1a expressed could be used for functional studies.
MTT was used to evaluate the proliferation/survival of the STAT1a stable cell lines under nomorxia and hypoxia. Under nomorxia, there was no significant difference in the proliferation between control and STAT1a overexpression cell lines. But under hypoxia, STAT1a cell survival suffers a greater decline as compared to control cells and A431-p3XFLAG-ST1a-2 with the highest STAT1a level has a maximum decline (Fig. 6A) . These results indicated that A431 cells increased their survivability through the down-regulation of STAT1 under hypoxia. STAT1 has been implicated in the inhibition of cell proliferation in several cell systems by inducing the expression of cyclin kinase inhibitors and caspases in response to extracellular stimuli (82) (83) (84) (85) (86) . It is also reported that STAT1 can repress HIF-1-mediated transcription after hypoxia (87) .
Since hypoxia induces cancer cell migration and causes functional suppression of STAT1, we went on further to examine the effects of STAT1 overexpression on the migration ability of cancer cells under hypoxia. In the scratch-wound assay, statistical results showed that STAT1a overexpression resulted in the repression of A431 cell migration. The migration of A431-p3XFLAG-ST1a-1 and 2 cells is only 82.9 ± 4.3% and 62.0 ± 5.4% of that of A431-p3XFLAG control cells ( Fig. 6B and 6C ). The migration of A431-p3XFLAG-ST1a-2 is significantly lower than that of A431-p3XFLAG-ST1a-1 due to its higher expression of STAT1a, which shows negative regulation of STAT1 in tumor metastasis. STAT1 has been reported to suppress the metastasis of STAT1-reconstituted RAD-105 cells through the reduction of MMP-2 and MMP-9 in vivo and arrest monocyte migration by modulating RAC/CDC42
pathways (88, 89) . Our studies further revealed that STAT1a might suppress A431 cell migration by promoting cell adhesion. In adhesion assay, the adhesion ability of A431-p3XFLAG-ST1a-1 and 2 to fibronectin was much higher than that in control cell. After 30 mins incubation, the adhesion cell amount of A431-p3XFLAG-ST1a-1 and 2 is about 2.03 ± 0.03 and 2.28 ± 0.12 folds of that of A431-p3XFLAG ( Fig. 6D and 6E ).
Cell adhesion receptors play important roles in promoting migration; however, the establishment of strong adhesion inhibits migration, which is fastest at optimum adhesion strength strong enough to support traction yet weak enough to allow rapid detachment of the rear of the cell (58). The above results provide evidences that hypoxia induces cell migration by down-regulation of STAT1 because overexpression STAT1 can inhibit migration by enhancing cell adhesion.
Conclusion
In this study, based on iTRAQ quantification data, the pathways associated with tumor Magnification, x100; F, Change patterns of integrin ligands due to hypoxia or reoxygenation from iTRAQ data. 
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